Clean drinking water is essential for human and environmental health, but pollution of drinking water sources due to lack of resources or investment allows poor drinking water quality to be pervasive even in developed areas. Portland State University, located in Portland, OR, U.S.A., had reports of poor drinking water quality in a major academic building (Cramer Hall). In order to investigate, a trace metals analysis of drinking water was conducted using EPA Method 200. 
INTRODUCTION

Brief Overview
This thesis conducts a trace metals analysis of contaminated drinking water in Portland State University's (PSU) Cramer Hall (CH) to determine:
1. Is Cramer Hall drinking water contaminated?
Can sources of contamination be identified?
Portland State University is located in Portland, Oregon and is served by the municipal water system. Faculty and Students complained about poor water quality in this building, which lead to the present analysis. Built in 1955, CH is one of the oldest buildings on PSU's campus and therefore has older plumbing than most. Because plumbing from 1950-1960 is most likely to be galvanized or iron (Ryder 1980) , I hypothesized trace metals were the most likely source of contamination. Environmental Protection Agency standards provide the legal framework for required levels of metals in drinking water . National Primary Drinking Water Regulations are mandatory for all states and include the metals Antimony, Arsenic, Barium, Beryllium, Cadmium, Chromium, Copper, Cyanide, Lead, Mercury, Selenium, and Thallium. Secondary Drinking Water Regulations are not mandatory for all states-although some enforce them-and include the metals Aluminum, Iron, Manganese, Silver, and Zinc. I present the hypothesis that water from CH will meet all primary drinking water regulations, but not meet all secondary drinking water regulations. Additionally, I hypothesized that any contamination of water will come from plumbing belonging to PSU and not from plumbing belonging to the City of Portland.
Global and Historical Significance
The United Nations "recognizes the right to safe and clean drinking water and sanitation as a human right that is essential for the full enjoyment of life and all human rights" (A/RES/64/292 UN General Assembly 28 July 2010). Clean drinking water is essential for human and environmental health, but pollution of drinking water sources, inadequate delivery systems, and a historical lag in government regulation has allowed poor quality drinking water to be pervasive throughout history.
Municipal drinking water systems began as early as the construction of the Roman aqueducts and the traditional water harvesting systems used in India (Agarwhal 1997) . The presence of these early systems demonstrates the historically pressing need for expansive access to clean drinking water, especially in growing municipalities. In the early American west drinking water was critical to any development or expansion of early townships (Short 2011 ).
The first municipal water system was in the United States was installed in Philadelphia in 1799 (Derouin and Nelson 2007) . Growth over the next 200 years resulted in over 62,000 delivery systems in 1980 (EPA 816-R-99-007 December 1999). Portland, Oregon's first delivery system was built in 1856 (Short 2011) . Only a small network on drilled fir logs were laid underneath the streets, and the early Pioneer Water Works began to develop in to the Portland Water Bureau that provides water to over 900,000 Oregonians in 2015 (Short 2011) .
Drinking Water Quality and Sustainability
Persistent trouble with pollution in water sources and delivery systems motivated the need for drinking water regulation. In 1854 London, numerous Cholera outbreaks were sourced from severely polluted drinking water (Paneth et al. 1998 , Short 2011 ). From 1830 -1930 converted from private, local drinking water sources to a universal access system (Bocquet et al. 2008 ). In 1890s Philadelphia, water was drawn downstream from sewage and industrial waste disposal, resulting in the occurrence of typhoid fever and other waterborne infections (Holst 2007) . In 1880s Portland, waste from upstream settlements polluted the city's water supply at the time, the Willamette River (Short 2011) . Contaminant composition changed after the industrial and agricultural revolution; inorganic compounds such as metals, nitrates, and asbestos and organic compounds such as solvents or pesticides entered waterways through farming and manufacturing discharge (EPA 816-R-99-007 December 1999), rather than the sewage that solely plagued waterways prior to the advent of synthetic chemical manufacturing. Environmental inputs of pollutants are commonly studied, but not entirely inclusive. In addition to pollutants that come from outside the delivery system, plumbing corrosion may cause contamination at the tap that was not present at the source waters (Ryder 1980 , Sarin et al. 2004 ).
Particulate due to corrosion or oxidation may produce suspensions of iron, manganese, and zinc that give drinking water a red, brown, or yellow color. The corrosion can damage piping, create scales, consume important oxidants and disinfectants in the water, and support biofilm growth (Sarin et al. 2004) . Federal regulations do not regulate water quality once the municipal water supply has entered the building of interest. Household, industrial, and commercial plumbing upkeep is the responsibility of the building owner (SDWA 2002) .
Portland State University
Portland State University's water system begins at the municipal system. Each building has it's own connection to a city main (portlandmaps.com). Cramer Hall, built in 1955, is one of the oldest buildings on Portland State University's campus; therefore the plumbing is a different age and composition than in most campus buildings. Faculty with offices in Cramer Hall answered a survey about drinking water quality in their offices. When asked why water coolers and alternative drinking water services are used they responded, "old habits die hard…the water comes out of the tap a brown color….ability to cool or heat water easily…instant hot water is useful for tea…automatic hot water…concerns about tap water quality." They also posed questions about whether filers in university hydration stations are changed , and indicted concerns about the quality of plumbing in older campus buildings. These results indicate drivers of water cooler use at PSU.
A target of the Take Back the Tap campaign is halting departmental use of water coolers, bottled water, and non-tap drinking water services. Common economic, environmental, and social justice concerns about bottled water use drive the motivation behind the student campaign and initiated the idea for this study. The purpose of this study is to determine the quality of the water in Cramer Hall. Departments will be informed if their tap water meets federal regulations, and any epidemiologically harmful preset and if they meet or exceed federal drinking water standards. If samples do not meet federal regulations, repair steps will be initiated so that clean, drinkable water can be accessible to every user of the university. Additionally, this will allow departments, students, and the university to save money by canceling non-tap drinking water service purchases. The university currently spends over $30,000/year on these services, including the bottled water purchased by departments.
I hypothesize that water in Portland State University's Cramer Hall will meet primary drinking water regulation or regulated trace metals, but will not meet secondary drinking water regulations. A null hypothesis states water will meet all drinking water regulations. Additionally, it is further hypothesized that any contamination of water will come from plumbing belonging to Portland State University. The alternative hypothesis states that the source of contamination will not be able to be identified.
METHODS
Sampling Location
Cramer Hall has several cold and hot water mains running vertically throughout the 
Sample Collection
During collection, a 200ml bottle was placed under the tap and then the tap was turned on so that the first use of the day was collected. A separate 500mL bottle was filled after the 200mL bottle and a probe was used to collect temperature, pH, and conductivity for each sample.
Sample Preservation
Samples were filtered through a 0.45µm glass fiber filter using a vacuum filter manifold.
Samples were then returned to the bottles they were initially collected in. 
Analytes
Emission spectroscopy heats elements by a flame so that they emit energy in the form of light. Each element produces a different, discontinuous spectrum of light, when examined with a spectroscope. Each element has its own line spectrum that can use used to determine the composition of a mixture of elements. Inductively coupled plasma is a type of plasma where electric currents produced by electromagnetic induction (time-varying magnetic fields).
Inductively coupled plasma atomic emission spectroscopy (ICP-OES) in an analytical technique
that provides qualitative and quantitative information about the concentration of trace metals in solution. It uses the inductively coupled plasma to excite atoms so that they emit their characteristic line spectrum, which can then be measured by the optical spectrometer. The ICP torch contains 3 concentric quartz glass tubes surrounded by a radio frequency (RF) generator.
Argon gas is fired through the torch, which is creating an intense electromagnetic field. The argon gas is then ignited briefly with a Tesla unit, starting ionization. The ionized gas rotates towards the magnetic field and collides creating a high temperature (7000K) plasma.
A peristaltic pump delivers the sample into the machine where it is misted into the plasma flame. The sample is broken down into charged ions upon contact, and then repeatedly reform and recombine, giving off their characteristic line spectrum. 
RESULTS
Elemental concentrations are detected in intensity and converted to concentration (parts per billion) via a linear relationship. Correlation coefficients reflecting the accuracy of standard curves used to predict sample values can be found in Appendix A. The instrument detection limit, the method reporting limit, and the lowest standard included for each analyte is listed in Table 2 . Results of this study show concentrations of dissolved trace metals in Cramer Hall drinking water (Table 3) . Oregon regulations do not enforce Federal Secondary Regulations (Oregon 1981), so no action is required when Secondary standards are exceeded. The current water quality decreases usage due to the perception that the water is unhealthy. Decreased usage increases corrosion and decreases water quality, further decreasing usage. Without investment into sustainable drinking water infrastructure, quality of plumbing will continue to decline.
This analysis was conducted using a 'dissolved metals' method. All samples were filtered before being tested for trace metals. Because of this, the concentrations of metals present in the water were likely less than what is present including sediment and scale. This poses a concern primarily for the levels of lead detected in samples that were above the method detection limit. If
there is some amount of lead in the sediment, several taps could have levels of lead exceeding the EPA action level. In this case, repairs should be made immediately or risk federal responsibility/legal action.
The data is limited temporally and spatially. Future studies could sample from Cramer
Hall at varying times of the day, week, and year, to further our understanding of what risk is involved when drinking university water. Samples not taken on the 'first draw' method may show concentrations of trace metals below what I detected in this study. Samples could be taken from Hydration Locations-stand alone water bottle refilling stations that are filtered. These
Hydration Locations are used frequently by students, faculty, and staff, and more are being continuously installed around the university. The quality of drinking water (including the concentrations of trace metals and microbials) should be assessed in these stations.
Further research is currently being conducted to verify the results of this study. Samples are being submitted to ALS Labs in Kelso, WA so that my results can be confirmed, and the university can know that any policy changes that they make are due to professionally sound analytics. For results of this future research, contact the author. 
